To improve knowledge of the ingestion and organ content of calcium, cesium, iodine, potassium, strontium, thorium, and uranium that have a high priority in radiological protection, a total diet and organ content studies was conducted. The total diet study used the market basket sample method with representative sampling. For the organ content specimens of muscle, skeleton, liver, kidney, lung, and thyroid were collected during autopsies of normal, healthy adult accidental death victims. The concentration of above stated elements in the diet and organs were analyzed by nuclear and nuclear-related techniques with strict quality assurance measures. The results are presented in the paper and compared with previous national and international data and the parameters of current International Commission on Radiological Protection (ICRP) Reference Man. The study provided a new and reliable database for setting the parameters for the Chinese reference man and the reference Asian man. It also facilitated the study on biokinetics behavior of their radiation counterparts in human body and helped in the realistic assessment of their internal radiation doses.
Introduction
In order to estimate the internal dose and derive the annual limits of intake for radionuclides in the field of radiation protection, there is a need to have accurate knowledge of the corresponding stable element intakes and their concentrations in organs, especially for some trace elements of importance in radiological protection such as cesium, potassium, calcium, strontium, iodine, thorium, and uranium because their radiation counterparts 137 Cs, 90 Sr, 131 I, 232 Th and 238 U are the sources of radiation exposure to the nuclear industry workers engaged in power production and to the general public at the time of any nuclear accident (e.g., Chernobyl, 1986 ). This study was conducted under a coordinated research project (CRP) entitled Dietary intake and organ content of trace elements of importance in radiological protection, reference Asian man phase II. [1] This CRP was organized by the International Atomic Energy Agency (IAEA) to strengthen the construction of radiation protection in the Asian region [2] .
Methods

Sampling and sample collection
In the diet study, diet samples were collected according to the sampling strategy devised by the Institute of Nutrition and Food Hygiene, Chinese Academy of Prevention Medicine for the first total diet study in China in 1990 [3] . Based on geographic, socioeconomic, and dietary habits, China was divided into four regions. For each region three provinces were selected for the survey. In each of these provinces three survey points (one in town and two in the countryside) were selected. In each point 30 families were randomly selected to weigh and record their food for three successive days. The sampling strategy took into account all relevant geographic, socioeconomic, and ethnic variables to ensure regionally and nationally representative sampling.
Foods were classified into 12 categories. Various foods were collected from nearby markets and prepared and cooked separately according to local dietary habits. In this way 12 food categories were formed for each region (A total of 48 samples for the four regions). The samples were dried and powdered for further analysis to estimate their contribution to the total daily intake. Jixian Wang, Rusong Chen, and Hongda Zhu Also 12 samples from each region were combined into four regional total diet samples and the 48 samples were combined into a national total diet sample.
Study in China on ingestion and organ content of trace elements of importance in radiological protection
For the organ content study, suitable organ specimens were obtained from accident victims or other cases of sudden violent death. The autopsies were carried out within 24 hours of death. The tissue and organ specimens collected included bone (rib), kidney, liver, lung, muscle, and thyroid. Samples were obtained from 31 autopsies. The samples were dried and ground to a powder before analysis.
Analytical methods
Inductively coupled plasma-mass spectrometry (ICP-MS) was used to determine cesium, thorium, and uranium; ICP-atomic emission spectrometry (ICP-AES) was used for calcium, and strontium; epithermal neutron activation analysis (ENAA) was used for iodine and atomic absorption spectrophotometry (AAS) used for potassium.
Quality assurance and quality control (QA/QC)
To obtain high quality data, quality assurance and quality control measures were conducted during the study. Standard operating procedures were developed covering all aspects of the study. These included: representative sampling, avoid external contamination in sampling, sample preparation, and chemical analysis, including checking the purity of standards and reagents.
The analytical methods must be validated using the National Institute of Standards and Technology standard reference materials (NIST SRMs) supported by IAEA [4] . The results showed a good agreement between the measured values and certified values. Most of the discrepancies were within 20%. Even though the discrepancies in NIST-SRM 1548 for thorium and in NIST-SRM 8414 for strontium more than 20%, but they were within 1 SD for thorium and within 2 SD for strontium.
During the element analysis phase internal quality control measures were adopted by using some suitable reference materials, and duplicates sample aliquots were kept for reanalysis, if necessary.
Samples (10%) were sent to the Central Reference Laboratory (CRL) for cross-checking analysis, as the external quality control measures [5] . Z scores were calculated for each sample that was analyzed in both laboratories. Normally, the Z score should have values between -2 and +2.
When the target value of the relative SD was assumed as 10%, the Z scores numerical values were less than 2 for 60% of the samples analyzed for cesium, iodine, and strontium. If we assume the target value of the relative SD is 20%, then 95% of the samples have numerical value of Z scores less than 2 for cesium, iodine, and strontium analysis, but this would be true for only 70% of the samples analyzed for thorium and uranium.
Results
Dietary intakes
The national average concentrations and SD for seven elements in 12 food categories are listed in table 1.
The corresponding average daily dietary intakes for the seven elements were estimated by the following formula:
Here, I i is the daily intake of the element i; C ij is the concentration of the food category j ; D j is the daily consumption of the food category j . The diet composition and food consumption was quoted from the data of the second total diet study in China, 1992 [6] . Table 2 shows a comparison of the results with the recommended values, the national data in 1990, and the available international data.
The intakes of calcium, iodine, and potassium increased in present study as compared to the data in 1992 [6] . As the intake of these elements used to be insufficient for the Chinese [3, 6, 7] , this means that the Chinese diet has improved. Comparison of the present data with the data of ICRP [8] and the renewal value of Iyengar [9] shows that intakes of the elements are quite close to each other except for uranium.
Element contents in organs and tissues
The concentrations of calcium, cesium, potassium, strontium, thorium, and uranium in muscle, rib, kidney, liver, and lung and iodine in thyroid for 31 adult men were obtained (table 3) . Some elements were concentrated in certain organs and tissues. If assuming the element concentration in muscle is 1, the relative concentrations of calcium, strontium, thorium, and uranium are 1,937, 406, 10, and 3 in skeleton, respectively, and thorium and uranium are 42 and 3 in the lung, respectively.
Based on the concentration detected the elemental contents of the organs and tissues were calculated by multiplying the masses of relevant organ and tissue of the Chinese reference man [10] .
The estimated contents in organs and tissues are listed in table 4 and compared with the previous data. The content of cesium, iodine, thorium and uranium 
in the Chinese adult man are first reported in this study. Calcium in organs and tissues is higher than before. This might reflect an increased intake of calcium from the diet. The amount of strontium in muscle, liver, kidney, and lung, of uranium in muscle, liver, and lung are much higher than that of ICRP reference man. Iodine was much higher in the thyroid of residents living near the sea (20.4 mg) than in those who lived far from the sea (15.0 mg).
Conclusion
Some new sensitive and reliable analytical methods such as ICP-MS, ICP-AES, ENAA, and some proper QA/QC measures were developed and successfully applied for trace element analysis in biological samples. The data generated by the study provided a new and reliable database for setting the parameters for the Chi-nese reference man and the reference Asian man, and facilitated the study on biokinetics behavior of their radiation counterparts in the human body and helped in the realistic assessment of their internal radiation doses. The study also provided the national basic data for evaluating the present status of the Chinese diet, against which the deficiency or excess of one or more of these elements could be identified. Some discrepancies in the dietary intakes and organ contents of elements between the Chinese adult man and the ICRP reference man may be attributed to variation in diet composition, natural environment, and progress in analytical techniques including quality assurance measures. 
